The chemokine CCL2 modulates Ca2+ dynamics and electrophysiological properties of cultured cerebellar Purkinje neurons.
The chemokine CCL2 is produced at high levels in the central nervous system (CNS) during infection, injury, neuroinflammation and other pathological conditions. Cells of the CNS including neurons and glia express receptors for CCL2 and these receptors may contribute to a signaling system through which pathologic conditions in the CNS are communicated. However, our understanding of the consequences of activation of chemokine signaling in the CNS is limited, especially for neurons. In many cell types, chemokine signaling alters intracellular Ca(2+) dynamics. Therefore, we investigated the potential involvement of this mechanism in neuronal signaling activated by CCL2. In addition, we examined the effects of CCL2 on neuronal excitability. The studies focused on the rat cerebellar Purkinje neuron, an identified CNS neuronal type reported to express both CCL2 and its receptor, CCR2. Immunohistochemical studies of Purkinje neurons in situ confirmed that they express CCR2 and CCL2. The effect of exogenous application on Purkinje neurons was studied in a cerebellar culture preparation. CCL2 was tested by micropressure or bath application, at high concentrations (13-100 nm) to simulate conditions during a pathologic state. Results show that Purkinje neurons express receptors for CCL2 and that activation of these receptors alters several neuronal properties. CCL2 increased resting Ca(2+) levels, enhanced the Ca(2+) response evoked by activation of metabotropic glutamate receptor 1 and depressed action potential generation in the cultured Purkinje neurons. Passive membrane properties were unaltered. These modulatory effects of CCL2 on neuronal properties are likely to contribute to the altered CNS function associated with CNS disease and injury.